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1 Introduction 
Event-related potentials (ERPs) provide an objective 
tool to study cortical auditory processing. Mismatch 
negativity (MMN) is an ERP component elicited by 
infrequent deviant tones embedded in a sequence of 
frequent standard tones thus reflecting preattentive 
feature specific auditory discrimination [1]. 
Previous ERP results suggest that the prevalence 
and stability of the MMN are quite good, hence 
enabling one to use MMN in clinically orientated 
research [2]. Schizophrenia is a common psychiatric 
disorder with disturbed behaviour. It is proposed 
that the overactivity of the dopaminergic system 
gives rise to mental symptoms and thus patients are 
administrated with drugs inhibiting dopaminergic 
activity [3]. Numerous MMN studies suggest that 
preattentive auditory discrimination, as shown by 
reduced MMN, is deteriorated in patients with 
schizophrenia [e.g. 4,5], although contradictory 
results exist also [e.g. 6,7]. It has remained 
ambiguous, however, whether MMN generators are 
modulated by the dopaminergic system. Here we 
investigated with a magnetoencephalography 
(MEG) whether haloperidol, a dopamine D2-
receptor antagonist, modulates auditory processing 
as shown by magnetic MMN (MMNm). 

2 Methods 
2.1 Subjects and procedure 

Twelve healthy subjects (range of age 20-28 years, 
six females) participated in two drug sessions after 
giving their written informed consent. Haloperidol 2 
mg (Serenase® 1 mg, Orion Pharma Pharmaceutical 
Company, Espoo, Finland) or placebo were given 
orally approximately 2 hours before the MEG 
recording. Drugs were administrated using a double-
blind, randomized, crossover design. Subjects had 
no history of neurologic, psychiatric or any other 
severe diseases and they reported not to use drugs 
affecting CNS for 2 weeks before the study. The 

subjects were instructed to avoid caffeine and 
tobacco for 12 h, and alcohol for at least 48 h before 
the recordings. The study was approved by the 
Ethics Committee of the Helsinki University Central 
Hospital. 

2.2 Stimulus and data acquisition 

The recordings were performed in a magnetically 
shielded room, where the subject sat under the 
helmet-shaped dewar with his/her head against the 
bottom of the instrument. The subjects were 
instructed not to attend to the tones presented. 
Stimulus intensity was adjusted 60 dB over the 
measured hearing level. Two separate stimulus 
blocks with interstimulus interval (ISI) of 500 ms 
were presented to the left ear. Blocks consisted of 
frequent standard tones (700 Hz, 50 ms duration) 
embedded by infrequent deviant tones (20%). The 
deviant tones in separate blocks were either 700 Hz 
with a duration of 25 ms (duration change) or 600 
Hz with a duration of 50 ms (frequency change). 
Auditory evoked fields (AEF) were recorded with a 
122-channel whole-head magnetometer (Neuromag 
Ltd) measuring two orthogonal tangential derivates 
of the magnetic field component normal to the 
scalp, at 61 locations over the head. The analysis 
period 750 was ms, including a 150-ms prestimulus 
period. The recording passband was 0.03-100 Hz 
with a sampling rate of 397 Hz. Vertical and 
horizontal electro-oculograms were used to exclude 
artefacts coinciding with MEG. MMNm responses 
were measured from the channel pair showing the 
largest response. A spherical head model was used 
for the dipole fitting. The MEG data were analyzed 
using a paired t-test. 

3 Results 
The frequency MMNm was significantly 
accelerated over the right or contralateral 
hemisphere to the ear stimulated after haloperidol 
administration, whereas the latency changes of the 



duration MMNm were insignificant (Table 1). No 
significant changes for the amplitudes of both the 
duration or frequency MMNm appeared. 
 

 MMNm  latency/ms 

Hemisphere/drug Duration 
MMNm 

Frequency 
MMNm 

Ipsilateral/haloperidol 172 ± 24 147 ± 33 

Ipsilateral /placebo 173 ± 30 152 ± 20 

Contralateral /haloperidol 174 ± 23 156 ± 29* 

Contralateral/placebo 166 ± 23 179 ± 14 

Table 1: MMNm latencies for the duration and 
frequency changes in the two drug sessions. The 
latency of the frequency MMNm was significantly 
accelerated by haloperidol over the contralateral 
hemisphere to the ear stimulated. * p < 0.05, paired 
t-test. 

4 Discussion 
To our knowledge, this is the first MEG-study, in 
which dopaminergic modulation to different MMN 
generators were investigated. The present results 
suggest that auditory processing related to the 
frequency-change detection is accelerated in the 
right hemisphere whereas the generators of the 
frequency and duration MMNm were not attenuated 
after administration of a single dose of selective D2 
receptor antagonist. It is proposed that dysfunction 
in both the dopaminergic and glutamatergic 
pathways contribute to the symptoms in 
schizophrenia [3]. Hence the present findings 
tentatively suggest that dopaminergic dysfunction 
alone does not attenuate auditory discrimination in 
schizophrenia. Acute administration of dopamine 
antagonists, unlike constant treatment, may increase 
the spontaneous activity of the dopamine neurons in 
the brain [8]. This may explain the accelerated 
MMNm observed in this study. Previously we have 
shown that scopolamine, a cholinergic antagonist, 
significantly attenuated the frequency MMNm 
without decreasing the duration MMNm [9]. Hence 
dopaminergic and cholinergic systems appear to 
modulate differently MMNm generators. 
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